By using the novel property of the rectangular superscatterer, we propose a design which can conceal an entrance from electromagnetic wave detection. Such a superscatterer is realized by coating a negative index material shell on a perfect electrical conductor rectangle cylinder. The results are numerically confirmed by full-wave simulations both in the far-field and near-field.
the physical size of the device. Since the outer region in the pair of complementary media is just the vacuum or host medium, it might be regarded as a kind of building blocks used to construct more complex objects, for example, a penetrable barrier or a closed two dimensional (2D) box, which are opaque by EM waves but penetrable by small particles. However, the building blocks need to be nicely fitted together to obtain the effect so that the circular shaped blocks may be inapplicable. In this letter, we design a 2D rectangular cylindrical superscatterer and demonstrate its interesting applications in concealing entrances.
For simplicity, let's consider a perfect electrical conductor (PEC) wall (|y| ≤ b 3 ) in vacuum, any incident EM waves will be reflected from it. If we remove the material in |x| ≤ a 3 +δ from the wall, an entrance appears, and it is inescapably detectable by analyzing the scattering EM waves. However, superscatterer provides a possibility that the entrance is kept but can not be detected by EM waves. Fig. 1 is the schematic demonstration and the total procedure is displayed as follows. Firstly, if we only remove the PEC materials in a 3 ≤ |x| ≤ a 3 + δ, it still looks like a wall when the non-negative parameter δ tends to zero. Secondly, we compress the big rectangular cylinder, |x| ≤ a 3 and |y| ≤ b 3 , into a small rectangular cylinder, |x| ≤ a 1 and |y| ≤ b 1 . Now, the surfaces of these rectangular cylinders are denoted as Γ 3 and Γ 1 , respectively. The material parameters of the compressed cylinder are obtained by the corresponding coordinate transformation. But in this case, it is a PEC cylinder that we compressed, so the PEC boundary condition is also kept in the surface Γ 1 .
Finally, in order to conceal the entrance in EM detection, the gap between Γ 1 and Γ 3 should be filled by a pair of complementary media: One is the vacuum between Γ 3 and Γ 2 , the other is the NIM shell between Γ 2 and Γ 1 . Here Γ 2 is the outer rectangular surface of the NIM shell with dimensions 2a 2 and 2b 2 .
This device is a superscatterer and scatters the same fields as the uncompressed rectangular cylinder, so that the entrance between Γ 2 and Γ 3 is concealed in EM detection. The effective rectangular cylinder with surface Γ 3 is also called a virtual rectangular cylinder.
Although the surface of Γ 2 can be any shape bounded between Γ 1 and Γ 3 , here we only consider a simple shape: In the x-y plane, Γ 1 , Γ 2 and Γ 3 are rectangles with the same center and diagonals. In addition, the magnification factor η is defined as a 3 /a 2 or b 3 /b 2 , which is the ratio of the size of the virtual cylinder to the real size of this device.
According to the discussion in [24] , the parameters of complementary media can be obtained by the approach of the transformation optics [8] . Here, we consider a simple continuous map between the pair of complementary media: The region of vacuum is mapped to the region of NIM shell, especially, the surface Γ 3 is mapped to Γ 1 but the surface Γ 2 is mapped to itself. For the 2D rectangular cylindrical superscatterer, the NIM shell is separated to 4 regions as shown in Fig. 1 , and the coordinate transformation equations for region I are
(1)
The relations of a 1 < a 2 < a 3 provide a folded geometry [22, 23] , so the NIM appears. In addition, it becomes the usual rectangular concentrator if the relations are a 1 < a 3 < a 2 , or it describes a rectangular cloak if a 1 < a 2 and a 3 = 0. For comparison, the similar transformation equations for square cloak can be found in paper [17] .
In the new coordinate system, using the Jacobian transformation matrix
the components of relative permittivity tensor ǫ ′ and relative permeability tensor µ ′ [15] can be put in the following form,
where δ ij is equal to 1 for i = j and equal to 0 otherwise. By straight forward calculations, the relative permittivity and permeability tensors in region I are obtained as follows,
where
Due to the symmetry of this device, the material parameters ǫ i ′ j ′ and µ i ′ j ′ in the region III can be readily obtained by rotating the tensors in (4) by π around the z-axis. But for the regions II and IV , besides of rotating the tensors in (4) by angle π/2 and 3π/2, we need replace all a k with b k , k = 1, 2, 3. Here, it should be remarked that the obtained material parameters are continuous at the interfaces among these regions. Subsequently, the materials interpretation [15] means the tensors in (4) and its counterparts in other regions In order to demonstrate the performance of the designed device in Fig. 1 , full-wave simulations are performed by finite element solver of the Comsol Multiphysics software package. Here the device parameters {a 1 , a 2 , a 3 } and {b 1 , b 2 , b 3 } are {0.03m, 0.06m, 0.12m} and {0.015m, 0.03m, 0.06m}, respectively, so that the magnification factor η is equal to 2. In this case, we consider 2D transverse electric (TE) polarization incident waves (whose electric field is along z-axis) with frequency 7 GHz, it means the distances between device and walls, ) is added to ǫ and µ due to the inevitable losses of the NIM.
We first simulate the case of plane wave incidence with unit amplitude. It is interesting to calculate the scattering properties of a penetrable barrier, which is a layer of 2D photonic crystal and the primitive cell is the superscatterer and a rectangular PEC cylinder. In the x-y plane, the scale of the virtual cylinder is 0.24m × 0.12m and those of PEC cylinder is 0.06m × 0.12m. The primitive cell is shown in Fig. 2 , and the pattern of electric field is calculated by the finite element solver with periodic boundary condition at x = ±0.15m.
One can find the superscatterers do work as building blocks and the layer of 2D photonic crystals looks like a mirror (a PEC wall) although it is penetrable for small particles. Here, the bounds of the amplitude of electric field in Fig. 2 set from −2 to 2 for clarity. The white flecks show the regions where the value of fields exceed the bounds. It appears in the complementary media and the highest value of the field in the flecks is about 10 1 , which comes from the dominative high-m modes as in the circular version [24] .
We also investigated the near-field performance of the device by cylindrical wave inci-dence. In this case, there is a concealed entrance in the wall, and the electric line source carries a current of 0.001A in z-axis and located at (−0.105m, 0.26m). The surrounding regions are perfect match layer (PML) regions, and an object with PEC boundary is placed under the wall. Fig. 3(a) is the snapshot of total electric field induced by a PEC wall, and Fig. 3(b) demonstrates how the entrance is concealed by a rectangular superscatterer in EM detection. For comparison, we have also simulated the results of removing the device (See in Fig. 3(c) ), or replacing the device with a rectangular cylinder with PEC boundary, which has the same dimensions as the device (See in Fig. 3(d) ). There have some white The concealed entrance is a successful case that rectangular superscatterer can be regarded as building blocks, in which the virtual rectangular cylinder is nicely fitted to the left and right walls. More wider concealed entrance can be obtained if a larger magnification factor η is taken. Consequently, in the region of microwave frequency, it is obvious that such a striking device as "platform nine and three-quarters" at King's Cross Station, where Harry
Potter and his friends usually get on the train to Hogwarts, is realizable. However, when another object is placed in the virtual cylinder, the transformation optical approach can not tell us what happens. In Fig. 4 , we have simulated numerically the results when an object with PEC boundary traverses the concealed entrance. Comparing the patterns of electric field in the virtual cylinder and under the walls, we find the concealment effect is destroyed more or less when object is overlapped with the virtual cylinder.
In conclusion, we proposed a rectangular cylindrical superscatterer and demonstrated its concealment effect on an entrance in EM detection. The device performance are numerically confirmed by full-wave simulations both in the far-field and near-field. This kind functional devices can be regarded as special building blocks, which are opaque by EM waves but penetrable by small particles, and may be useful in concealing important entrance. [3] Pendry, J. B. Negative refraction makes a perfect lens. Phys. Rev. Lett. 85, 3966 (2000) .
[4] Pendry, J. B. Perfect cylindrical lenses. Opt. Express 11, 755-760 (2003) . 
